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PLED MICROCAVITY SUBPIXELS AND COLOR FILTER ELEMENTS 
CROSS REFERENCE TO RELATED APPLICATIONS 

Reference is made to commonly assigned U.S. Patent Application 
Serial No. 10/762,675 filed January 22, 2004 by Dustin L. Winters, et al., entitled 
5 "Green Light-Emitting Microcavity OLED Device Using a Yellow Color Filter 
Element"; commonly assigned U.S. Patent Application Serial No. 10/680,758 
filed October 7, 2003 by Yuan-Sheng Tyan, et al., entitled "White-Emitting 
Microcavity OLED Device"; commonly assigned U.S. Patent Application Serial 
No. 10/346,424 filed January 17, 2003 by Yuan-Sheng Tyan, et al., entitled 

10 "Microcavity OLED Devices"; commonly assigned U.S. Patent Application Serial 
No. 10/356,271 filed January 31, 2003 by Yuan-Sheng Tyan, et al., entitled 
"Color OLED Display With Improved Emission"; commonly assigned U.S. Patent 
Application Serial No. 10/368,513 filed February 18, 2003 by Yuan-Sheng Tyan, 
et al., entitled "Tuned Microcavity Color OLED Display"; and commonly 

15 assigned U.S. Patent Application Serial No. 10/643,837 filed August 19, 2003 by 
Dustin L. Winters, et al., entitled "OLED Device Having Microcavity Gamut 
Subpixels and a Within Gamut Subpixel"; the disclosures of which are herein 
incorporated by reference. 

FIELD OF INVENTION 

20 This invention relates to microcavity organic electroluminescent 

(EL) devices. 

BACKGROUND OF THE INVENTION 

Full color organic electroluminescent (EL), also known as organic 
light-emitting devices or OLED, have recently been demonstrated as a new type 

25 of flat panel display. In simplest form, an organic EL device is comprised of an 
electrode serving as the anode for hole injection, an electrode serving as the 
cathode for electron injection, and an organic EL medium sandwiched between 
these electrodes to support charge recombination that yields emission of light. An 
example of an organic EL device is described in commonly assigned U.S. Patent 

30 4,356,429. In order to construct a pixilated display device such as is useful, for 
example, as a television, computer monitor, cell phone display, or digital camera 
display, individual organic EL elements can be arranged as an array of pixels in a 



- 1 - 



matrix pattern. To produce a multicolor display, the pixels are further arranged 
into subpixels, with each subpixel emitting a different color. This matrix of pixels 
can be electrically driven using either a simple passive matrix or an active matrix 
driving scheme. In a passive matrix, the organic EL layers are sandwiched 
5 between two sets of orthogonal electrodes arranged in rows and columns. An 

example of a passive matrix driven organic EL devices is disclosed in U.S. Patent 
5,276,380. In an active matrix configuration, each pixel is driven by multiple 
circuit elements such as transistors, capacitors, and signal lines. Examples of such 
active matrix organic EL devices are provided in U.S. Patents 5,550,066, 

10 6,281,634, and 6,456,013. 

OLED displays can be made to have one or more colors. Full color 
OLED devices are also known in the art. Typical full color OLED devices are 
constructed of pixels having three subpixels that are red, green, and blue in color. 
Such an arrangement is known as an RGB design. An example of an RGB design 

15 is disclosed in U.S. Patent 6,281,634. Full color organic electroluminescent (EL) 
devices have also recently been described that are constructed of pixels having 
four subpixels that are red, green, blue, and white in color. Such an arrangement is 
known as an RGBW design. An example of an RGBW device is disclosed in U.S. 
Patent Application Publication 2002/0186214 AL 

20 Several approaches to obtaining color displays are known in the 

art. For example, each differently colored subpixel can be constructed using one 
or more different OLED materials. These materials are selectively placed on the 
subpixels with methods including shadowmasks, thermal transfer from a donor 
sheet, or ink jet printing. Another approach to producing a color display is to 

25 place OLED materials in a common stack of one or more layers across all the 
differently color subpixels and then use one or more different color filters to 
selectively convert the common OLED color to different colors for each subpixel. 
In this case the OLED materials are typically arranged so as to produce a broad 
emission spectrum, also referred to as white emission or white OLED. An 

30 example of a white OLED with color filters is disclosed in U.S. Patent 6,392,340. 

Yet another approach to achieving a color display is to place the 
OLED emission element within a microcavity structure to enhance emission at a 
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specific wavelength as determined by the optical cavity length of the microcavity. 
Examples of such microcavity devices are shown in U.S. Patents 5,405,710 and 
5,554,91 1 . In this case, a broad emitting OLED material can be used and, by 
varying the optical length of the cavity, different colored emission can be 
5 achieved. However, devices constructed with microcavities suffer from the 
problem that, when viewed at various angles, the color of the emission can 
change. This effect is described in U.S. Patent 5,780,174. Therefore, a color 
OLED device using microcavity structures having reduced angular dependence on 
perceived color is desired. 
1 0 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to reduce apparent 
color shift at viewing angles off the normal for a microcavity device having a 
microcavity structure. 

This object is achieved by an OLED device, comprising: 
15 a) at least one light emitting layer arranged to produce light in 

a predetermined emitting area; 

b) a reflector and a semi-transparent reflector forming a 
microcavity structure for resonating the light produced in the at least one light 
emitting layer; and 

20 c) a color filter element disposed relative to a first portion of 

the predetermined emitting area so as to filter the light produced by the at least 
one light emitting layer and transmit substantially unfiltered light through a 
second portion of the predetermined emitting area. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG. 1 depicts a cross-sectional view of a microcavity device 

according to the present invention; 

FIG. 2 depicts a top side view of a microcavity device pixel 
according to the present invention; 

FIGS. 3A through 3E depict top side views of multiple 
30 embodiments of microcavity device subpixels according to the present invention; 

FIGS. 4 A through 4C show the spectral emission of red emitting, 
green emitting, and blue emitting devices; and 
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FIG. 5 shows the transmission properties of red, green, and blue 
color filter elements. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is an enlarged cross section of a simplified OLED 
5 microcavity device 10 according to the present invention. The OLED microcavity 
device 10 is constructed of a semi-transparent reflector 11, a cavity spacer 12, an 
organic EL medium 13, a reflector 14, a substrate 16, and a color filter element 
15. In such a microcavity device, light is produced in the organic EL medium and 
resonates between the reflector 14 and the semi-transparent reflector 11, and exits 

1 0 the device through the semi-transparent reflector 1 1 toward the viewer. In this 
case, the semi-transparent reflector 1 1 could be constructed of a thin metal layer 
such as Ag or an alloy of Ag, which is preferably between 5 nm and 35 nm in 
thickness. The cavity spacer 12 is constructed of a transparent material such as 
ITO. In this example the cavity spacer layer also serves as the first electrode for 

1 5 the OLED device. While the cavity spacer layer is shown as a single layer, it can 
alternately be composed on several layers. The reflector 14 is preferably 
constructed of a highly reflective metal including, but not limited to, Al, Ag, Au, 
and alloys thereof. In this example, the reflector also serves as the second 
electrode for the OLED device. 

20 The organic EL medium 13 is located between the first and second 

electrodes. In this case the cavity spacer 12 and the reflector 14 and can be 
chosen from many organic materials known in the art. The organic EL medium 
13 is typically constructed of several sublayers such as a hole injecting layer, a 
hole transporting layer, a light emitting layer, and an electron-transporting layer. 

25 The organic EL medium can be constructed of small molecule organic materials, 
which are typically deposited by evaporation methods or by thermal transfer from 
a donor substrate. Alternately, the organic EL medium can be constructed of 
polymer materials, commonly referred to PLEDs, which can be deposited by 
methods such as ink jet printing or solvent spin or dip coating. The organic EL 

30 medium can be arranged as to produce a narrow bandwidth emission or a broad or 
white emission spectrum. Many possible configurations and materials can be 
chosen for the organic EL medium by one skilled in the art. 
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The substrate 16 is shown in FIG. 1 as being between the viewer 
and the organic EL medium 13, that is the semi-transparent reflector 1 1 is between 
the organic EL medium 13 and the viewer. This configuration where light travels 
through the substrate is known as a bottom emission device. In this configuration, 
5 a transparent substrate such as glass or plastic is used. Alternately, the device 
could be fabricated with the reflector between the substrate and the organic EL 
medium. This alternate configuration is known as a top emission device. In a top 
emission device, light does not pass through the substrate and the substrate can 
therefore be optionally opaque. This enables the use of a large variety of 
10 substrates. One example substrate that can be used with a top emission 

configuration is a silicon wafer. The substrate can further include active matrix 
circuitry (not shown) to drive the microcavity device. 

Optical path length is defined as refractive index (n) multiplied by 
the thickness (d) for each layer. In a microcavity device, the total optical path 
1 5 length (nidi) of the layers between the reflector and the semi-transparent reflector 
is designed so as to approximately satisfy the following equation: 

2 Z( nidi )/ X + (Qi+ Q 2 ) / 2n = m 

wherein: 

n\ is the index of refraction and di is the thickness of the ith layer; 
20 Qi and Q2 are the phase shifts in radians at the reflector 14 interface and 

the semi-transparent reflector 11, respectively; 

X is the predetermined wavelength to be emitted from the device; and 
m is a non-negative integer. 

Microcavity device 10 is an example microcavity device structure. 
25 Several variations are known in the art and can also be applied to the present 

invention. For example, the semi-transparent reflector could be constructed from 
a quarter wave stack of several alternating layers of transparent materials having 
different refractive indexes. The cavity spacer layer could alternately be placed 
between the reflector and the organic EL medium or it could be limited entirely. 
30 In either of these cases, the semitransparent reflector would then need to serve as 
an electrode for the organic EL medium. 
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The color filter element 15 is disposed outside of the microcavity 
structure on the side of the semi-transparent reflector 11 so as to be between the 
semi-transparent reflector and the viewer. In a multicolored pixilated display, it is 
preferable to locate the color filter element as close to the microcavity structure as 
5 possible to reduce pixel crosstalk. In a bottom emission device, the color filter 
element is therefore preferably located between the microcavity and substrate. 
However, the invention can also be made to work by placing the color filter 
element on the outside of the substrate. In top emission device, the color filter 
element. is preferably located above the microcavity structure. However, the 

10 invention can also be made to work by locating the color filter element on either 
side of an attached second cover substrate (not shown). The color filter element 
15 is arranged so as to permit for some filtered light emission 17 and some 
unfiltered light emission 18. This is achieved by having the surface area of the 
filter overlapping the emitting area of the microcavity be less the total area of the 

1 5 emitting area. 

The color filter element is selected so as to have a high 
transmittance at the wavelengths approximately corresponding to the desired color 
of the microcavity device and to have low transmittance at wavelengths of other 
colors of the visible light spectrum. The results of disposing the color filter 

20 element relative to the emitting area is that, as the device is viewed from angles 
off the normal, the typical color shift of a microcavity device is reduced in the 
filtered light emission 17. By designing the ratio of the surface area of the color 
filter element 15 relative to the total emitting area, the ratio filtered light emission 
17 to unfiltered light emission 18 can be tuned, and the amount of color shift at 

25 non-normal viewing angles can be controlled. The amount of color shift of the 

device can be selected between the maximum value of a device with no color filter 
element and the minimum value of a device that has an emitting area which is 
completely covered by a color filter element. Since the color filter element 
absorbs a portion of the light produced by the microcavity, even at the desired 

30 color, the device will have lower brightness and is therefore less efficient than a 
device that has no color filter element. By designing the ratio of the surface area 
of the color filter element 15 relative to the total emitting area, the efficiency of 
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the device can be selected between the maximum value of a device with no color 
filter element, and the minimum value of a device that has an emitting area which 
is completely covered by a color filter element. Therefore, by constructing a 
microcavity device according the present invention, the amount of color shift can 
5 be traded against the efficiency of the device. 

FIG. 2 illustrates a top side view of one pixel of a microcavity 
device according to an embodiment of the present invention having three 
subpixels: subpixel 21; subpixel 22; and subpixel 23. These subpixels could, for 
example, be made to produce red, green, and blue light. Emitting area 31, 

10 emitting area 32, and emitting area 33, define the portions of subpixel 21, subpixel 
22, and subpixel 23, respectively, which emit light. The area, for example, of 
emitting area 33 is distance H multiplied by distance W. While in this example 
the emitting areas are shown to be rectangular, non-rectangular, and otherwise 
irregular shaped emitting areas are also envisioned as being within the scope of 

15 the present invention. Furthermore, while the three subpixels are shown as being 
the same size, pixels having subpixels with varying sizes are also envisioned as 
being within the scope of the present invention. Also, pixels having fewer or 
more than three subpixels are also envisioned as being within the scope of the 
present invention. Subpixel 23 further comprises color filter element 43. Color 

20 filter area is arranged so as to cover a portion of emitting area 33 in order to 

produce a filtered portion. This filtered portion area is, for example, H' multiplied 
by W. The remaining area of the emitting area that is not covered by the color 
filter element results in an unfiltered portion. While the filtered portion is shown 
as being rectangular, non-rectangular and otherwise irregular shaped filtered 

25 portions are also envisioned as being within the scope of the present invention. 
Likewise, subpixel 21 further comprises color filter element 41, and subpixel 22 
further comprises color filter element 42. The percentage of the filtered portion 
area to the entire emitting area can differ for each different subpixel, as shown 
here, or can be made to be the same. 

30 FIGS. 3 A through 3E represent microcavity subpixels according 

the present invention having color filter elements with various shapes. FIG. 3 A 
shows a subpixel having a color filter element 55 which covers an emitting area 
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51 such that an unfiltered portion is produced along one side of the emitting area 
and a filtered portion along the other side. FIG. 3B shows a subpixel where the 
color filter element 55 is arranged so as to form two unfiltered portions at either 
side of the emitting area 51. FIG. 3C shows a subpixel where the color filter 
5 element 55 is arranged so as to form a non-filtered portion along the perimeter of 
the emitting area while the center of the emitting area is filtered. FIG. 3D shows a 
subpixel where the color filter element 55 is arranged so as to form a plurality of 
filtered portions and a plurality of non-filtered portions. In this case the filtered 
portions form a striped pattern. FIG. 3E shows a subpixel where the color filter 

10 element 55 is arranged so have a plurality of filter openings 56 which permit 

unfiltered light emission to exit the device. FIGS. 3A through 3E show patterns 
that are regular and symmetric, however, an infinite number of other patterns that 
include regular and irregular and symmetric and asymmetric shapes are also 
possible and are envisioned as being within the scope of the present invention. 

15 EXAMPLE 

The present invention is explained more specifically with reference 
to the following example. 

Three microcavity devices were prepared having a configuration as 
follows: a transparent glass substrate; a 20 nm Ag semi-transparent reflector; a 

20 100 nm Al reflector; a plurality of organic layers with a refractive index of 
approximately 1 .8; and no cavity spacer layer. In the first device, the total 
thickness of the organic layers was 296 nm. This thickness was selected so as 
produce a microcavity structure optimized to enhance emission in the red 
wavelengths. In the second device, the total thickness of the organic layers was 

25 254 nm. This thickness was selected so as produce a microcavity structure 

optimized to enhance emission in the green wavelengths. In the third device, the 
total thickness of the organic layers was 219 nm. This thickness was selected so 
as produce a microcavity structure optimized to enhance emission in the blue 
wavelengths. 

30 FIGS. 4A through 4C illustrate measurement of the unfiltered 

emission of the red, green, and blue microcavity devices by a Photo Research® 
PR®-650 Spectrascan® Colorimeter at several viewing angles. 
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FIG. 4A illustrates the unfiltered emission from the first 
microcavity which was constructed so as to have enhanced emission in the red 
color. It can be seen that as viewing angle changes from normal or 0 degrees to 
60 degrees, the emission at red wavelengths decreases, while emission at yellow 
5 and green wavelengths increases. 

FIG. 4B illustrates the unfiltered emission from the second 
microcavity which was constructed so as to have enhanced emission in the green 
color. It can be seen that as viewing angle changes from normal or 0 degrees to 
60 degrees, the emission shifts from green wavelengths toward blue-green 
10 wavelengths. 

FIG. 4C illustrates the unfiltered emission from the third 
microcavity which was constructed so as to have enhanced emission in the blue 
color. It can be seen that as viewing angle changes from normal or 0 degrees to 
60 degrees, the emission shifts from blue wavelengths toward lower wavelengths 

1 5 peaks while the overall sharpness of the peak is reduced. 

In these examples, the optical path length was varied by changing 
the total thickness of the organic EL media layers. In devices having a cavity 
spacer layer, the thickness of the cavity spacer can also be varied to achieve 
different optical path lengths of the cavity. 

20 FIG. 5 shows the transmission properties of a red color filter 

element, green color filter element, and blue color filter element as a function of 
wavelength. These color filter elements are just one example of color filter 
elements, and many color filter elements are known in the art which can be 
employed in the present invention. 

25 Table 1 shows the results of the simulated cascade at various 

viewing angles of red, green, and blue color filter elements from FIG. 5 with the 
first microcavity device which was red emitting, the second microcavity device 
which was green emitting, and the third microcavity device which was blue 
emitting, respectively. 1 93 1 CIE x and y coordinates, luminance yield in terms of 

30 cd/A are shown. Normalized luminance relating the luminance yield at a given 
angle to the luminance yield at the normal 0 degree angle is also shown. Table 1 
shows results for the case where the ratio of the color filter area to the emitting 
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area is 100%, 90%, 80%, and 70%. Table 1 also shows the case where no color 
filters are applied is shown for comparison. 

It can be seen from Table 1 that by applying the color filter 
elements, the chromaticity shift from viewing angles of 0 degrees to 60 degrees is 
reduced compared to the case where no filters are applied. However, luminance 
yield also is substantially reduced. In order to lessen the loss of luminance, the 
areas of the color filter elements relative to the emitting area can be reduced. 
Reducing the areas of the filter elements relative to the emitting areas results in 
increased chromaticity shift from viewing angles of 0 degrees to 60 degrees. 
However, substantial reduction in view angle dependence compared to the 
unfiltered case can be achieved without as much lost efficiency as the 100% 
filtered case. 
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The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be effected within the spirit and scope of the invention. 
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